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S
ince the publication of the Osteoporosis Canada guidelines in 2002 , there has been a paradigm shift in the prevention and treatment of osteoporosis and fractures. 1, 2 The focus now is on preventing fragility fractures and their negative consequences, rather than on treating low bone mineral density, which is viewed as only one of several risk factors for fracture. Given that certain clinical factors increase the risk of fracture independent of bone mineral density, it is important to take an integrated approach and to base treatment decisions on the absolute risk of fracture. Current data suggest that many patients with fractures do not undergo appropriate assessment or treatment. 3 To address this care gap for high-risk patients, the 2010 guidelines concentrate on the assessment and management of women and men over age 50 who are at high risk of fragility fractures and the integration of new tools for assessing the 10-year risk of fracture into overall management.
Burden and care gaps
Fragility fractures, the consequence of osteoporosis, are responsible for excess mortality, morbidity, chronic pain, admission to institutions and economic costs. [4] [5] [6] They represent 80% of all fractures in menopausal women over age 50. 3 Those with hip or vertebral fractures have substantially increased risk of death after the fracture. 5 Postfracture mortality and institutionalization rates are higher for men than for women. 7 Despite the high prevalence of fragility fractures in the Canadian population and the knowledge that fractures predict future fractures, 8 fewer than 20% of women 3, 9 and 10% of men 10 receive therapies to prevent further fractures. These statistics contrast sharply with the situation for cardiovascular disease, where 75% of patients who have had myocardial infarction receive β-blockers to prevent another event.
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Scope of the guidelines
The target population for these guidelines is women and men over age 50, because of the overall burden of illness in that age group. As a consequence, we focused our systematic literature reviews on this population. The application of these guidelines to children and young adults, as well as high-risk groups such as transplant recipients, was considered, but indepth reviews of conditions that increase risk were largely beyond the scope of these guidelines.
Development of the guidelines
The development of these guidelines followed the Appraisal of Guidelines, Research and Evaluation (AGREE) framework. 12 We surveyed primary care physicians, patients, osteoporosis specialists from various disciplines, radiologists, allied health professionals and health policy-makers to identify priorities for these guidelines. We then conducted system-
How do I assess for osteoporosis and fracture risk?
A detailed history and a focused physical examination are recommended to identify risk factors for low bone mineral density, falls and fractures, as well as undiagnosed vertebral fractures (Appendix 1, available at www.cmaj.ca/cgi/content /full /cmaj.100771/DC1). In selected individuals, bone mineral density should be measured with dual-energy x-ray absorptiometry (Table 1 ). 1. Measure height annually, and assess for the presence of vertebral fractures [grade A]. 2. Assess history of falls in the past year. If there has been such a fall, a multifactorial risk assessment should be conducted, including the ability to get out of a chair without using arms [grade A].
What investigations should I order initially?
For most patients with osteoporosis, defined as bone mineral density of 2.5 or more standard deviations below the peak bone mass for young adults (i.e., T-score ≤ -2.5), only limited laboratory investigations are usually required (Box 1). Increased values for bone turnover markers are associated with an approximately two-fold increased risk of fractures, Assessment for vertebral fractures by dual-energy x-ray absorptiometry is available as an option on some bone densitometers. 16 Vertebral fractures unrelated to trauma are best defined (on lateral radiographs or via vertebral fracture assessment) as vertebral height loss of 25% or more with disruption of the end plate. Such fractures are associated with a five-fold increase in the risk of future vertebral fractures relative to those without vertebral fractures. 19 Both use the bone mineral density or T-score for the femoral neck only. They have been calibrated using the same Canadian fracture data and have been directly validated in Canadians. [20] [21] [22] The 2010 version of the Canadian Association of Radiologists and Osteoporosis Canada tool replaces the 2005 version, which used Swedish fracture data. 23 The Canadian Association of Radiologists and Osteoporosis Canada tool stratifies women and men over age 50 into three zones of risk for major osteoporotic fracture within 10 years ( Figure 1 ): 23 low (< 10%), moderate (10%-20%) and high (> 20%). An initial risk category is obtained from age, sex and T-score for the femoral neck, derived from the reference range for white women of the National Health and Nutrition Examination Survey III. 18 Certain clinical factors increase the risk of fracture independent of bone mineral density, the most important being the presence of a prior fragility fracture after age 40 8 and recent prolonged use of systemic glucocorticoids (i.e., at least three months cumulative use during the preceding year at a prednisone-equivalent dose ≥ 7.5 mg daily). 24 The presence of either risk factor raises the individual's risk to the next risk category (i.e., from low to moderate or from moderate to high). When both are present, the patient is considered to have a high risk of fracture, regardless of bone mineral density. 18 The WHO Fracture Risk Assessment tool uses sex, age, body mass index, prior fracture, parental hip fracture, prolonged glucocorticoid use, rheumatoid arthritis (or secondary causes of osteoporosis), current smoking, alcohol intake (three or more units daily) and (optionally) bone mineral density of the femoral neck. Fracture discrimination using the WHO Fracture Risk Assessment tool with bone mineral density is better than the Fracture Risk Assessment tool without bone mineral density or bone mineral density alone. 25 Bone mineral density of the lumbar spine is not considered in the initial risk assessment for either of these two tools, and fracture risk is slightly underestimated when the lumbar spine T-score is much lower than the hip T-score. 26 Observed fracture rates for women and men are in close agreement to the rates predicted by both of these tools. 18 The WHO Fracture Risk Assessment tool is based upon a more complete set of clinical risk factors and can be used even without results for bone mineral density, but the calculations require access to the system's software, website or paper charts. The 2010 version of the Canadian Association of Radiologists and Osteoporosis Canada tool is less complete but is easier to use. There is high concordance between the two systems (about 90%) in risk categorization. 18 Differences, when they occur, usually relate to the presence of one or more risk factors that contribute to the Canadian version of the WHO Fracture Risk Assessment tool but that are not considered in the 2010 version of the Canadian Association of Radiologists and Osteoporosis Canada tool (parental history of hip fracture, smoking, excess alcohol intake, rheumatoid arthritis). The choice of tool is largely a matter of personal preference and convenience.
Neither of these models should be applied to individuals younger than age 50. For individuals younger than age 50 with medical conditions that may have adverse skeletal consequences, risk assessment and treatment considerations are complex and often benefit from consultation with a specialist. In addition, the results obtained with these risk assessment tools Review reflect the theoretical risk of a patient who is treatment-naive; they do not reflect any reduction in risk associated with therapy. The software for the Canadian version of the WHO Fracture Risk Assessment tool is not yet widely available on bone mineral density machines; therefore, for purposes of reporting bone mineral density, the 2010 version of the Canadian Association of Radiologists and Osteoporosis Canada tool is the only system that can be applied on a national basis at the present time. This situation may change as the WHO Fracture Risk Assessment software becomes more widely available. Clinical practitioners need to be aware of the WHO Fracture Risk Assessment tool, given its international importance as the 10-year risk assessment system developed and recommended by the WHO and given that many patients will have access to the tool's website. Some clinical practitioners may also prefer the versatility of the WHO Fracture Risk Assessment tool, which allows assessment of risk in the absence of a bone mineral density measurement and is more accurate for patients with one or more of the additional risk factors listed above. 
What are the therapeutic options?
Exercise and prevention of falls Exercise improves quality of life for those with osteoporosis, particularly in the domains of physical function and pain, and improves muscle strength and balance. 27 Although there is limited evidence that exercise programs reduce fractures, one study showed that a program of moderate to vigorous walking reduced the risk of hip fractures. 28 Home safety assessment was effective only for those with severe visual impairment and others at high risk for falls. 29 Removal of an individual's first cataract reduced the frequency of falls, 29 but interventions to reduce falls did not reduce fractures. 30 Hip protectors have been cost-effective in reducing hip fractures among residents of Canadian long-term care facilities but not for those residing in the community, probably because of poor compliance. 31 
Exercises involving
Calcium and vitamin D
There is controversy about both the efficacy of calcium supplementation for reducing fractures 32, 33 and the potential adverse effects of high-dose supplementation. 34 Another group within Osteoporosis Canada (of which some of the cur- Osteoporosis Canada. The T-score for the femoral neck should be derived from the National Health and Nutrition Education Survey III reference database for white women. Fragility fracture after age 40 or recent prolonged use of systemic glucocorticoids increases the basal risk by one category (i.e., from low to moderate or moderate to high). This model reflects the theor etical risk for a hypothetical patient who is treatmentnaive; it cannot be used to determine risk reduction associated with therapy. Individuals with a fragility fracture of a vertebra or hip and those with more than one fragility fracture are at high risk of an additional fracture.
rent authors were members) recently developed guidelines on vitamin D. 35 Pharmacologic therapy A growing number of therapeutic options are available in Canada, both antiresorptive agents (bisphosphonates, receptor activator for nuclear factor κ B [RANK] ligand inhibitor, selective estrogen receptor modulator, hormone therapy, calcitonin) and a bone-forming agent (teriparatide), with a range of dosing frequencies and routes of administration. There is consistent evidence from randomized clinical trials that all therapies currently available in Canada reduce the risk of vertebral fractures for menopausal women with osteoporosis (as defined by a T-score ≤ -2.5). 13 There is also evidence that some interventions prevent nonvertebral and/or hip fractures 36 and may reduce the mortality rate among individuals at high risk for fractures 37, 38 (Appendix 1, available at www.cmaj.ca /cgi /content /full/cmaj.100771/DC1). Women with prior fragility fractures affecting the vertebra or hip also benefit from pharmacologic intervention. In general, pharmacotherapy reduces the risk of vertebral fracture by 30% to 70%, depending on the agent and level of adherence. The effect on nonvertebral fractures is lower and varies by fracture site. There is inconsistent evidence regarding the benefits of pharmacologic therapy for those who have sustained a fracture at a site other than the hip or the spine (e.g., the wrist), unless they also have an osteoporotic T-score. Both calcitonin and teriparatide may decrease the pain associated with vertebral fractures. 39, 40 Few studies of men have assessed the reduction of fracture rate as a primary outcome.
13 Systematic reviews and metaanalyses have found reductions in vertebral fractures with bisphosphonates, 13, 41 but there is no evidence that testosterone reduces fractures. 13 In fact, hypogonadal and eugonadal men respond similarly to bisphosphonate therapy. 
Adverse effects
In this section, we highlight issues that are common or that have surfaced in postmarketing surveillance. Some of these issues remain unresolved.
High-dose calcium supplementation may increase the risk of renal calculi and cardiovascular events. 33, 34 Bisphosphonates may cause self-limited flu-like symptoms, especially after the first dose of zoledronic acid by infusion (reported in up to 10% of patients). 42 Denosumab may increase the risk of cellulitis. 43 Raloxifene and hormone therapy increase the risk of thromboembolic events, including pulmonary embolism. 13 Teriparatide can cause hypercalciuria and hypercalcemia, both generally mild and both resolving spontaneously or with discontinuation of calcium supplementation. 13 Whether bisphosphonate therapy for osteoporosis increases the risk of osteonecrosis of the jaw, atypical fractures of the femur, esophageal cancer or atrial fibrillation remains controversial. Osteonecrosis of the jaw is defined as an area of exposed alveolar bone in the mandible or maxilla that does not heal after eight weeks. 44 It is extremely rare (< 1 case per 10 000 patient-years among patients with primary osteoporosis). 45 The risk is higher for those with malignancy, those undergoing radiation and chemotherapy, those receiving high-dose bisphosphonates for bone metastases or glucocorticoids, those with diabetes or poor dental hygiene, and those undergoing invasive dental procedures such as tooth extractions or implants.
Atypical fractures of the femur are those occurring in the subtrochanteric or diaphyseal regions. Although extremely rare, they may be more common among those undergoing long-term bisphosphonate therapy; however, a link has not been definitively established. Such fractures tend to appear as clean transverse or oblique "chalk-like" breaks. Some patients have prodromal thigh or groin pain. Radiographic findings may include cortical thickening with beaking. Nuclear bone scans often reveal increased uptake in the area, which suggests a stress fracture with increased remodelling. Radiography or bone scanning (or both) should be considered for individuals who have been on long-term bisphosphonate therapy and who experience new thigh pain. 46 Esophageal cancer occurred in 23 patients who had been receiving bisphosphonate therapy from October 1995 to mid-May 2008, as described in a case series prepared by the US Food and Drug Administration; however, the number of patients not on this type of therapy who had esophageal cancer during the same period was not reported. 47 Analysis of a national register found similar rates of this type of cancer in bisphosphonate-treated and untreated patients. 48 Two recent large retrospective cohort studies reported conflicting results. 49, 50 In general, for patients at high 10-year fracture risk, the benefits of pharmacologic therapy far outweigh the potential risks. These risks must be placed in perspective during discussion of these issues with patients. 1. The potential benefits and risks of the prescribed agents should be discussed before therapy is initiated, to support informed decision-making [grade D].
Special groups
Bone loss associated with glucocorticoid therapy develops quickly, within three to six months, and the risk of fracture increases with doses as low as 2.5-7.5 mg/day. 51 Long-term use of glucocorticoids (three months or more) has resulted in a 30%-50% incidence of fractures, particularly among those over the age of 40 and those using high doses. 13, 51 Osteoporosis therapies, including alendronate, risedronate and teriparatide, reduce the risk of vertebral fractures and maintain bone mineral density in those taking glucocorticoids. 13, 52, 53 Similarly, etidronate, zoledronic acid and calcitonin maintain bone mineral density in those taking glucocorticoids. 53, 54 For patients undergoing long-term glucocorticoid therapy, the appropriate duration of osteoporosis treatment is unknown. Bisphosphonates and denosumab maintain bone mineral dens ity in women who are taking aromatase inhibitors and men undergoing androgen-deprivation therapy. How should I manage patients at risk of fracture? An integrated approach is important for the management of patients with a risk of fracture ( Figure 2 ). For all patients, regu lar weight-bearing, balance and strengthening exercises, smoking cessation, and optimization of total (dietary and supplements) calcium and vitamin D intake are recommended.
For patients at risk of falls, fall-prevention strategies should be implemented. Within the integrated management strategy, categories of low, moderate and high fracture risk are used to guide decisions on particular therapies. The clinician should consider the ratio of benefit to harm, particularly for patients who are not at high risk. When choosing among therapies, the patient's individual risk profile, comorbid conditions, preferences and lifestyle should be considered. 
Low risk
For patients with a low risk of fracture, pharmacologic therapy is not usually required. In general, lifestyle measures such as exercise, prevention of falls, optimization of calcium and vitamin D intake, and smoking cessation are sufficient for individuals with a low risk of fracture, provided they do not have any risk factors for rapid loss of bone mineral density.
Should I monitor therapy? If so, how often?
No randomized trials have directly assessed the value of repeat bone mineral density testing on persistence with treatment or reduction of fractures; 59 however, if used correctly, serial testing can be a helpful clinical tool. 23 Measurement error must be considered when interpreting serial assessments of bone mineral density to determine whether any changes are real and not simply random fluctuation or artifact. 60 For patients who are undergoing treatment, repeat measurement of bone mineral density should initially be performed after one to three years; the testing interval can be increased once therapy is shown to be effective. If bone mineral density has improved or remains unchanged, the patient is considered to have had a good response to therapy. Continued loss of bone mineral density or a new fracture may reflect poor adherence with therapy, failure to respond to therapy or previously unrecognized secondary causes of osteoporosis. For moderate-risk individuals, including those with a T-score of -2.5 or below, a repeat meas urement of bone mineral density should be obtained after one to three years to monitor for rapid bone loss. If bone mineral density is stable, then less frequent monitoring can be considered. For individuals with low risk of fracture and without additional risk factors for rapid loss of bone mineral density, a testing interval of 5-10 years may be sufficient.
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When should I stop or use combination therapy?
There is little evidence to support any recommendation regarding duration of therapy or the use of drug holidays. Rates of clinical vertebral fracture decreased by 55% among those who continued alendronate therapy after five years of initial treatment (for a total of 10 years) relative to those who stopped after five years, but there were no differences in rates of nonvertebral fractures or radiographic vertebral fractures. 
When should I refer to a specialist?
Patients with any of the following factors may benefit from referral to a physician with expertise in osteoporosis: fracture or significant ongoing loss of bone mineral density despite good adherence while on first-line therapy; intolerance of first-and second-line therapies; any secondary cause of osteoporosis that is outside the expertise of the primary care physician; and extremely low bone mineral density.
Other guidelines
Both the US National Osteoporosis Foundation and the UK National Osteoporosis Guideline Group use absolute 10-year risk of fracture to guide interventions. The National Osteoporosis Foundation recommends treating menopausal women and men over age 50 with T-score ≤ -2.5 at the hip or spine or with a prior hip or spine fracture. In addition, patients with low bone mass (T-score between -1.0 and -2.5) should be treated when the 10-year risk of hip fracture is ≥ 3% or the 10-year risk of major osteoporosis-related fracture is ≥ 20%. 67 The National Osteoporosis Guideline Group recommends an age-dependent intervention threshold, which ranges from 7.5% risk of major osteoporotic fracture at age 50 to 30% at age 80. 68 These two approaches are different: the National Osteoporosis Foundation guidelines are driven by cost-effectiveness, whereas the National Osteoporosis Guideline Group uses a translational approach to determine treatment thresholds. A much smaller proportion of the population would be treated under the approach of the National Osteoporosis Guideline Group than that of the National Osteoporosis Foundation. It is unclear which approach is better suited to the Canadian context.
Knowledge translation
Knowledge translation for these guidelines was developed through the knowledge-to-action framework. A systematic review has shown that disease management tools for osteoporosis that targeted both the physician and patient and that were multifaceted (such as having reminders, education and risk assessment tools in either paper or electronic format) improved appropriate use of both bone mineral density testing and treatment. 69 Several Canadian randomized controlled trials have demonstrated the effectiveness and cost-effectiveness of multifaceted approaches in which case managers coordinate care. 70, 71 Therefore, we developed a toolkit and a dissemination strategy after widespread national consultation with primary care physicians, patients, allied health professionals, specialists, radiologists and health policy-makers. A group of Canadian knowledge translation and osteoporosis specialists has been convened to develop and evaluate novel tools that will enhance the implementation of these guidelines. In addition, more than 10 professional organizations have endorsed these guidelines and will assist in its dissemination (Appendix 1, available at www.cmaj.ca /cgi/content /full/cmaj.100771/DC1). Tools and resources can be found at www.osteoporosis.ca. 
Directions for future research
Many gaps exist in our current knowledge about how to best prevent fractures and their negative consequences. Future research should examine the risk of fractures in special popu lations (including younger patients who have already had a frature and younger patients who are taking glucocorticoids), the value of bone turnover markers in assessing individuals' fracture risk and monitoring their treatment, whether exercise or fall-prevention programs reduce fractures and the optimal daily dose of vitamin D for musculoskeletal and other health benefits.
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